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I .  

INTRODUCTION 

On any g iven  space mission a spacec ra f t  may be sub jec t ed  t o  sudden 
changes i n  environmental  h e a t  loads.  
vary ing  exposure t o  s o l a r  and p lane tary  i r r a d i a t i o n  sources  o r  through 
v a r i a t i o n  i n  the  i n t e r n a l  h e a t  d i s s i p a t i o n  of t h e  experiment package. 
o r d e r  t o  keep t h e  s p a c e c r a f t  temperatures w i t h i n  des ign  l i m i t a t i o n s  some 
type  of c o n t r o l  de ivce  must be used. 
a t u r e  of a s p a c e c r a f t  i s  by the  use of a louve r  system (1,2). 
system c o n s i s t s  of movable b l ades  pinned t o  t h e  s p a c e c r a f t  su r f ace  o r  
p laced  between t h e  ins t rument  package and the  o u t e r  s k i n  of the  s p a c e c r a f t .  
The b l ades  are connected t o  a device which changes t h e i r  p o s i t i o n  as needed. 

These changes may occur  because of 
. 

I n  
I 
I One method of c o n t r o l l i n g  t h e  temper- 

The louve r  
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Very o f t e n  t h e  louvers  are mounted such t h a t  they p r o t e c t  e i t h e r  a 

The l a t t e r  case has  i t s  a p p l i c a t i o n  when t h e  
wh i t e  d i f f u s e  s o l a r  r e f l e c t i n g  sur face  o r  an opening t o  t h e  "black" 
i n t e r i o r  of t h e  s p a c e c r a f t .  
l ouve r s  are t o  ope ra t e  i n  t h e  shade. 
l ouve r s  are known f o r  t h i s  case by experiment (3) .  However, louvers  
used i n  s u n l i g h t  n e c e s s i t a t e  a sur face  wi th  a high s o l a r  r e f l e c t a n c e  
between the  louvers  and the  e l e c t r o n i c  packages. It has  been shown t h a t  
cvcn w i t h  a tiiglily r e f l e c t i v e  sur face  between t h e  package and t h e  louver  
system, l i n e r a l y  a c t i v a t e d  louve r s  w i l l  no t  c o n t r o l  t he  package temper- 
a t u r e  s a t i s f a c t o r i l y  i n  a l l  cases (4,5). 

The o p e r a t i o n a l  c h a r a c t e r i s t i c s  of 

By p lac ing  a s k i n  over t he  louvers  t o  r e f l e c t  s u n l i g h t ,  t h e  problem 
i s  overcome. However, when the  spacec ra f t  o r i e n t a t i o n  i s  such t h a t  t he  
louver  panel  i s  i n  t h e  shade, t h e  s k i n  w i l l  ac t  as a thermal b a r r i e r  t o  
r a d i a t i o n .  The n e t  e f f e c t  of t he  sk in  i s  t o  reduce the  n e t  hea t  r e j e c t i o n  
c a p a c i t y  of t h e  system i n  t h e  shade whi le  improving the  h e a t  r e j e c t i o n  
c h a r a c t e r i s t i c s  i n  t h e  s u n l i g h t .  Thus i n  some cases  i t  may be necessary  
t o  s a c r i f i c e  s p a c e c r a f t  maneuverabi l i ty  so  as t o  avoid d i r e c t  s o l a r  
impingement i n  o rde r  t o  have t h e  capac i ty  of r e j e c t i n g  l a r g e  amounts 
of h e a t  w i th  e x t e r n a l  louvers .  I n  o t h e r  cases i t  may be p o s s i b l e  t o  
g a i n  improved maneuverabi l i ty  by s a c r i f i c i n g  maximum h e a t  r e j e c t i o n  
c a p a b i l i t y  and us ing  i n t e r n a l  louvers .  

Cons idera t ion  must a l s o  be given t o  t h e  e f f e c t  of h e a t  t r a n s f e r  from 
d i f f u s l y  e m i t t i n g  s u r f a c e s  (e.g. solar panels )  t o  the  temperature c o n t r o l  
pane l s  of t he  spacec ra f t .  
f o r  i n t e r n a l  louvers .  However, the r a d i a n t  h e a t  t r a n s f e r  t o  e x t e r n a l  
l ouve r s  i s  a very  s t r o n g  f u n c t i o n  of b lade  angle  and the  r e l a t ive  p o s i t i o n  
of t h e  d i f f u s e l y  e m i t t i n g  s u r f a c e  t o  the  louvers .  

This  i s  a r a t h e r  s i m p l e  e f f e c t  t o  determine 

GRANT ACTIVITIES 

The d i g i t a l  computer program presented i n  r e fe rence  4 has been 
modif ied.  These n o d i f i c a t i o n s  include: 1) t h e  h e a t  r e j e c t i o n  a n a l y s i s  
of i n t e r n a l  l ouve r s ,  2) a v a r i a b l e  base p l a t e  temperature inpu t ,  3) 
a d d i t i o n a l  h e a t  i npu t  t o  the  o u t e r  s k i n  of i n t e r n a l  louvers  from sources  
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o t h e r  t han  the  sun, 4) p rov i s ions  f o r  inc luding  t h e  e f f e c t  of h e a t  
i n p u t  t o  e x t e r n a l  l ouve r s  from d i f f u s e l y  e m i t t i n g  su r faces .  A desc r ip -  
t i o n  of the rev i sed  inpu t  and output  are presented  i n  Appendix B. 

A s e p a r a t e  program has  been generated which determines t h e  h e a t  
i n p u t  t o  e x t e r n a l  l ouve r s  from d i f f u s e l y  e m i t t i n g  non-isothermal pane ls .  

DESCRIPTION OF THE INTERNAL LOWER SYSTEM 

A diagram of t h e  i n t e r n a l  louver system i s  shown i n  F igu re  1, I n  
gene ra l ,  t h e  conf igu ra t ion  of Figure 1 would have t h e  fo l lowing  charac-  
ter is t ics .  
p o s s i b l e  wh i l e  having as h igh  a t e r r e s t r i a l  emi t tance  as poss ib l e .  
The i n t e r i o r  s u r f a c e s  of t h e  s k i n  would have a b lack  c o a t i n g  of h igh  
emi t tance .  
material having a n  extremely low emit tance.  
t h i n  as p r a c t i c a i .  5 j  The mounting p l a t e  emi t tance  would be as h igh  as 
poss ib l e .  

1) The o u t e r  s k i n  would have as l o w  a s o l a r  absor tpance  as 
2) 

3) The louver  b lades  would be of a h igh ly  po l i shed ,  specu la r  
4 )  The b lades  would be as 

A louver  p o s i t i o n  5s  i d j u c t e d  by 2 mechanism i n  accordance w i t h  
t h e  h e a t  r e j e c t i o n  needs of the spacec ra f t  system. I f  t h e  temperature  
of t h e  mounting p l a t e  rises, t h e  louvers  open reducing  t h e  r e s i s t a n c e  t o  
h e a t  f low from t h e  mounting p l a t e  t o  the  sk in .  I f  t he  temperature  should 
f a l l  below a c e r t a i n  va lue  the  louver b lades  c l o s e ,  forming a h i g h l y  
r e f l e c t i v e  b a r r i e r  t o  h e a t  l o s s  from the  mounting p l a t e .  

ANALYSIS OF THE INTERNAL LOUVER SYSTEM 

A s  sump t ions  : 

A l l  su r f aces  are isothermal  

A l l  s u r f a c e s  are i so rad iame t r i c  

The b lades  are of h igh  enough conductance s o  t h a t  both s i d e s  may 
be considered a t  t h e  same temperature  

The material p r o p e r t i e s  are d i f f e r e n t  f o r  s o l a r  and terrestrial 
r a d i a t i o n ,  b u t  i n  genera l  “ A x  + P A x  = 1  

The s u r f a c e s  are thermally coupled by r a d i a t i o n  only.  

The louver  system i s  a n  i n f i n i t e  a r r a y  s o  edge e f f e c t s  a r e  
n e g l i g i b l e .  

A h e a t  balance f o r  each of the su r faces  y i e l d s  t h e  fo l lowing  set of 
equat ions .  
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4 4 
a 1  E 4  F(4-1)T + J3 F(3-1)T €ldT1 ‘{l-l)T € S T 2  F ( 2 - l ) d  -I- 2 p4F(4-2)T 

a T4 = o  J3 F(3-2)T ‘ 2 2 F(2-2)T 

* 
Where the  r a d i o s i t y  is: 

+ F  ( 2 - 4 ) ~ )  J4 ‘(4-4)T1 
4 

J4 = P 4  [J3 F(3-4)T 4- ‘1,2@ T1,2 (F(1-4)T 

J3 = p3  [J3 F(3-3)T + €1,2cf- f4 1,2 (F(1-3)T F ( 2 - 3 ) ~ )  + ’4 F(4-3)T1 

I f  all of the  r a d i a n t  p rope r t i e s ,  G,and T3 are known, the  above equat ions  
may be solved f o r  t h e  unknown temperatures and Qnet3 f o r  any louver  p o s i t i o n  8. 
The n e t  h e a t  t r a n s f e r  a t  su r f ace  3 may be found by use  of an equ iva len t  thermal 
r e s i s t a n c e  f o r  t h e  system: s ince ;  

9 and Eb3 - Eb4 

R 
Qnetg = 

= G + Qnet3 Eb4 
1/Eg 
- 

The n e t  h e a t  t r a n s f e r  i s :  
Eb3 - C/e5 

Qnet3 = 

2 

3 

4 

5 

6 ‘  

7 

8 

* A t o t a l l y  specular  su r f ace  does not  have a r a d i o s i t y  (J) a s s o c i a t e d  wi th  i t  
i n  t h e  ord inary  sense.  
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Qnet3  = Qnet3 
G = P  

II 
I 

- p f (0 ,E5)  
G = O  

The thermal  r e s i s t a n c e  R i s  a f u n c t i o n  of the  r a d i a t i v e  material  
p r o p e r t i e s  of t he  louver  b lades  and t h e  louve r  p o s i t i o n .  
Eb3/ (R 4- 1 I E  5 )  r e p r e s e n t s  Qnet3 f o r  G = 0 t h e r e f o r e ,  equa t ion  8 may be 
w r i t t e n :  

The t e r m  

Equat ion 8 may a l s o  be w r i t t e n :  

Qnet3 = ( ~ 5  Eb3 -G) f (0 ,  €5)  

RESULTS OF INTERNAT., LOWER ANALYSIS 

€ Figure  2 shows f ( 0 ,  E )  f o r  the case where; = .75, t h e  i n t e r i o r  
s u r f a c e s  3 and 4 are pa in t ed  black ( E =  .87) and t h e  b lades  are made from 
po i i shed  aiuminum ( L =  .OS). The u s e  of t h e  c h a r t  may be demonstrated by 
a n  example problem. 

Suppose the  experiment r equ i r e s  t he  r e j e c t i o n  of 2BTU/HR t o  20BTU/HR 
f o r  each  square f o o t  of a c t i v e  louver  area. A t  t h e  same time h e a t  absorbed 
by t h e  e x t e r i o r  s k i n  from a l l  sources  w i l l  vary  between 0 and 50BTU/HR f o r  
each square  f o o t  of a c t i v e  louver  area. The problem i s  t o  determine t h e  
maxinum temperature  v a r i a t i o n  of the package and t h e  temperature  se t  p o i n t s  
f o r  open and c losed  louvers .  For the  h i g h e s t  temperature l i m i t  we assume 
t h e  d e s i r e d  h e a t  r e j e c t i o n  rate i s  20BTU/HR-FT 
50BTU/HR-FT2 . 

2 and the  abso rp t ion  rate i s  
From f i g u r e  2 w e  f i n d  f (3, i75) = 0.5.  Then from equa t ion  10: 

20 t (50) (.5) 
Eb3 = 

9 

10 

4 + 2T3 = 117 
Eb3 

= 513'R 
T3 

The louver  temperature l i m i t  i s  c a l c u l a t e d  i n  a similar manner us ing  
a r e q u i r e d  h e a t  d i s  i p a t i o n  of 2 BTU/HR-FT2 and a n  o v e r a l l  h e a t  abso rp t ion  
ra te  of 0 BTU/HR-FT . Thus i t  
i s  found t h a t  t he  temperature v a r i a t i o n  f o r  t h e  g iven  cond i t ions  can be 
h e l d  t o  27 '~.  

5 - The base  temperature i s  found t o  be 486OR. 
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This  same a n a l y s i s  i s  accomplished very  e a s i l y  us ing  curves such as 
those  shown i n  F igures  3 and 4 .  
between Qnetg, T3 and louver  blade angle  f o r  a given h e a t  abso rp t ion  ra te ,  
Under t h e  same cond i t ions  as t h e  previous example t h e  maximum temperature  
can  be found from Figure  4 (P=50) simply by fo l lowing  the  O=90° curve u n t i l  
t h e  d e s i r e d  h e a t  r e j e c t i o n  rate of 20BTU/HR-FT2 (5.9 WATTS/FT2) i s  reached,  
and then  reading  t h e  base t e m p e r a t u r e ,  T3 on t h e  a b s i s s a .  By fo l lowing  
t h i s  s a m e  Q=900 curve  t h e  excurs ion  i n  base  temperature  corresponding t o  a n  
excurs ion  i n  h e a t  gene ra t ion  can  be found. 

Figures  3 and 4 show the  r e l a t i o n s h i p  

. 

Likewise,  the lower temperature l i m i t  can  be found from Figure  3 (P=O) 
by fo l lowing  t h e  Q=O curve u n t i l  the h e a t  r e j e c t i o n  ra te  of 2 BTU/HR-FT2 
(.59 WATTS/ft2) i s  reached and reading t h e  base  temperature ,  T3  on t h e  
a b s i s s a .  

This  example assumed t h a t  the  louve r s  j u s t  reached t h e  f u l l y  open 
p o s i t i o n  under the  most s eve re  condi t ions .  It i s  p o s s i b l e  t o  o b t a i n  a 
much f i n e r  c o n t r o l  on temperature  w i t h i n  c e r t a i n  nominal ope ra t ing  
r eg ions  wi thout  i n c r e a s i n g  t h e  maximum base  temperature  under "worst 
c ~ c e "  cznd l t lons .  T h i s  i s  shown i n  F igure  4 .  Consider a case  i n  which 
normal ope ra t ion  r equ i r ed  between .l and 4 WAfTS/ft2 h e a t  d i s s i p a t i o n  a t  
t h e  s a m e  time the  s k i n  i s  absorbing 50 BTU/HR-FT2. 
cond i t ions  might r e q u i r e  a h e a t  d i s s ipa t lo i i  rate of 8 KATTS/ftL a t  t h e  
s a m e  rate of s k i n  abso rp t ion .  By s e t t i n g  the  louve r s  t o  reach t h e  f u l l  
open p o s i t i o n  a t  4 WATTS/ft2 (point  B) t he  maximum temperature  would be 
494OR. 
t h e  o t h e r  hand t h e  louve r s  were s e t  t o  reach  the  f u l l y  open p o s i t i o n  a t  
8 WATTS/ft2, t h e  louve r s  would opera te  a long  l i n e  AC. 
t h a t  the  r equ i r ed  base  temperature  f o r  a g iven  h e a t  d i s s i p a t i o n  ra te  i s  
always lower a long  l i n e  ABC than  along AC. 

I 
However, "worst case" 
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The o p e r a t i o n  l i n e  of t h i s  se t  of l ouve r s  would be ABC. I f  on 

It i s  apparent  

HEAT INPUT TO A LOWER SYSTEM FROM A DIFFUSELY DJITTING SURFACE 

The e f f e c t  of h e a t  i n p u t  from d i f f u s e l y  e m i t t i n g  s u r f a c e s  such as s o l a r  
pane l s  has  6. s i g n i f i c a n t  e f f e c t  on thermal c o n t r o l ,  e s p e c i a l l y  when s o l a r  i npu t  
i s  small. The a n a l y s i s  of t h i s  e f f e c t  i s  r e l a t i v e l y  s i m p l e  i n  the  case of 
i n t e r n a l  louvers  s i n c e  i t  only involves  r a d i a n t  h e a t  t r a n s f e r  between two 
d i f f u s e  s u r f a c e s .  

The a n l y s i s  f o r  e x t e r n a l  louvers  becomes more involved s i n c e  i t  
involves  a d i f f u s e  r a d i a n t  i n p u t  t o  a specu la r  d i f f u s e  system. I n  t h i s  
case t h e  energy absorbed by the  base p l a t e  of the  louver  system i s  a 
f u n c t i o n  of b lade  ang le ,  8, and of the dehedra l  angle  , $, formed by 
t h e  p lane  of t he  incoming energy and a plane through t h e  a x i s  of b l ade  
r o t a t i o n  perpendicular  t o  t h e  base su r face  ( f i g u r e  5 ) .  The f u n c t i o n a l  
r e l a t i o n s h i p  between e f f e c t i v e  absorptance of the  louver  system and the  
b lade  and dehedra l  angles  i s  i l l u s t r a t e d  i n  F igures  6 and 7 .  It should 
be  noted t h a t  t h e  absorp tance  of the b l ades  i s  very low except  a t  ang le s  
of inc idence  where t h e  r a d i a t i o n  i n t e n s i t y  i s  very small. Therefnre  t h e  
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e f f e c t  of I R  abso rp t ion  by t h e  blades can be neglec ted .  

I n  genera l  t he  h e a t  absorbed by an  incremental  area of the  louver  
system (&I) which o r i g i n a t e s  a t  an incrementa l  area of a d i f f u s e l y  
e m i t t i n g  su r face  (dA ) i s  2 

where 

S u b s t i t u t i n g  (12) i n t o  (11) 

4 2 - - E  T a ( @ ,  @ )  cos  P 1  cos f% 2 dA1 dA2 / n r  
2 "  2 

QdA - dA1 
2 

where 
- 
A = X1-X2 COS j 

B = Y1-X2 s i n  J 

C = X1 s i n  - Y1 cos  J 

2 -2 2 
D = Y2 +A +B 

By i n t e g r a t i n g  (14) over the area of t he  d i f f u s e  emit ter  and the  area of 
the  louver  panel t he  hea t  absorbed by the  louver  panel may be found. 
d i g i t a l  computer program has  been w r i t t e n  which c a r r i e s  ou t  t h i s  a n a l y s i s .  
The program a l lows  f o r  an  a r b i t r a r y  o r i e n t a t i o n  between the emi t t i ng  su r face  
and t h e  louver  pane ls  and f o r  a non-isothermal e m i t t i n g  sur face .  
program i s  descr ibed  i n  d e t a i l  i n  appendix A .  

A 

The 

WORK I N  PROGMSS OR PLANNED 

Curren t ly  an  a n l y s i s  of a louver system c o n s i s t i n g  of a high emiss ive ty  
specu la r  base,  and d i f f u s e  b l ades  i s  be ing  performed. This  type of system 

11 

1 2  

13 

14 
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i s  expected t o  y i e l d  a lower e f f e c t i v e  absorp tance  t o  incoming s o l a r  energy. 
The specu la r  base  w i l l  be coated so  a s  t o  i n c r e a s e  i t s  emi t tance  t o  a va lue  
comparable t o  a whi te  d i f f u s e  sur face .  
h e l d  e s s e n t i a l l y  the  same and the  s o l a r  abso rp t ion  can  be reduced wi th  t h i s  
type  of system, the  o v e r a l l  performance may o r  may not  be improved depending 
on the  e f f e c t i v e  emiss ive ty  of t h e  system. 

Although t h e  base  emi t tance  can be 

i 

One o t h e r  p o s s i b i l i t y  t o  be examined i s  t h e  roughening of the  specu la r  
b lades  t o  make them d i f f u s e  t o  s o l a r  energy b u t  specu la r  t o  terrestr ia l  energy. 

Also  under cons ide ra t ion  is  a n  a l l  specu la r  system. It i s  known t h a t  a n  
a l l  specu la r  c a v i t y  e x h i b i t s  a higher  e f f e c t i v e  e m i s s i v i t y  than  an  a l l  d i f f u s e  
c a v i t y  (6). 
determined. 

The e f f e c t i v e  absorp t ion  of t h i s  type  of system has  y e t  t o  be 

I n  gene ra l ,  i t  i s  planned t o  i n v e s t i g a t e  louver  systems wi th  va r ious  
combinations of material p r o p e r t i e s  i n  o rde r  t o  opt imize t h e i r  ope ra t ing  
c h a r a c t e r i s t i c s .  



NONF,NCLATURE 

Arabic  Symbols 

E - Emissive power BTU/HR-FT2 

F1-2 - Diffuse  view f a c t o r  from s u r f a c e  one t o  two 

- T o t a l  imaged view f a c t o r  from s u r f a c e  one t o  two** (1-2)T 

G '- Heat absorbed by t h e  s k i n  from a l l  sources  i n  t h e  ' 

environment BTU/HR-FT~ 

J - Radios i ty  of a d i f f u s e  r e f l e c t i n g  su r face  STU/HR-FT2 

P .  - Symbolizes numberical va lue  of G 

Qne t - Heat d i s s i p a t i o n  capac i ty  of t he  mounting p l a t e  

R - Radiant thermal r e s i s t a n c e  

T - Temperature OR 

X1,X2,YlYY2 - Coordinates f o r  d e s c r i b i n g  r e l a t i v e  p o s i t i o n  of louver  
panel  and d i f f u s e l y  e m i t t i n g  su r face  

Greek Symbols 

U - Absorptance 

- Angles between the  normal t o  each of two s u r f a c e s  and the  
l i n e  connect ing the  two s u r f a c e s  

- Designates  increment A 

c - Emittance 

x - Wavelength 

P 

T 

- Ref lec tance  

- Stefan-Boltsman c o n s t a n t  .1714 x BTU/HR-FT2 OR4 

0 - Louver p o s i t i o n  

I - Angular pos i t i on  of d i f f u s e l y  e m i t t i n g  su r face  

Subsc r ip t s  

J 2 , 3 > 4 Y 5  - Refers  t o  p a r t i c u l a r  s u r f a c e s  (Figure 1) 
b - I n d i c a t e s  black body 
S - I n d i c a t e s  s o l a r  p r o p e r t i e s  

\ T  - I n d i c a t e s  t o t a l  imaged view f a c t o r  

**The t o t a l  imaged view f a c t o r  i s  d iscussed  i n  References 1 ,2 ,3  and 4 
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Figure  6 - e f f e c t i v e  abso rp t ion  of louver  b l ades  

F igure  7 - e f f e c t i v e  abso rp t ion  of louver  base p l a t e  
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- Emiss iv i ty  of Panel \ 
\ 

\ P,XNYP,XNXL,XNYL - Number 
of increments  a long  XP, 
YP, XL, and YL, r e s p e c t i v e l y  H MAX - maximumblade angle  of i n t e r e s t  

THEMIN - Minimum blade  angle  of i n t e r e s t  V 
I N C  - Increment i n  b lade  angle  p: * 

I 

I 
I 

- Emiss iv i ty  of Panel \ 
\ 

\ P,XNYP,XNXL,XNYL - Number 
of increments  a long  XP, 
YP, XL, and YL, r e s p e c t i v e l y  H MAX - maximumblade angle  of i n t e r e s t  

THEMIN - Minimum blade  angle  of i n t e r e s t  
I N C  - Increment i n  b lade  angle  p: 

1 
-- 

*C & B may 

Ogure 
I 
8 
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1 '  
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be  p o s i t i v e  o r  nega t ive  
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I - Legend t o  Geometrical I 



8 17 

8 
I 
I 
8 
I 
I 
I 
I 
t 
I 
I 
1 
I 
8 

APPENDIX A 

D i g i t a l  Computer Program For  Heat Input  To A Louver 
Panel From A Dif fuse ly  Emit t ing Surface.  

The a n a l y s i s  of a d i f f u s e  input  t o  t h e  specu la r -d i f fuse  louver  system 
was  d i scussed  i n  a previous  sec t ion .  A d i g i t a l  computer program was 
designed t o  perform t h i s  a n a l y s i s  f o r  a non-isothermal,  i r r e g u l a r l y  shaped, 
d i f f u s e l y  e m i t t i n g  panel .  F i n i t e  d i f f e r e n c e  methods are used t o  accomplish 
t h i s  a n a l y s i s .  
w e l l  as a complete l i s t i n g  of t h e  programs are presented .  

I n  t h i s  s e c t i o n  the computer program i n p u t  and ou tpu t  as 

Program Input* 

A. E f f e c t i v e  Absorptance Table 

XPITBL XTHTBL Card 1 

ALTBL (1) ALTBL (2) ALTBL (800) 

where XPITBL - Number of d i h e d r a l  angles  i n  the  t a b l e  
XTHTBL - Number of b lade  angles  i n  the  t a b l e  
PITBL - Dihedral  angle  between t h e  plane of incoming 

energy and a p lane  perpendicular  t o  the  l o s e  
su r face  of the  louver  panel  (See diagram below) 

THTBL - Lower b lade  angle  (see diagram below) 
ALTBL - E f f e c t i v e  absorptance of louver  base p l a t e  

(Read i n  f o r  a l l  d ihed ra l  angles  hold ing  
b lade  angle  cons tan t )  

Card 2,3,4 
(as needed) 

Cards 5 - 10 
(as needed) 

Cards 11 - 125 
(as needed) 



The e f f e c t i v e  absorptance t a b l e  i s  read i n  only once. I n  the  case  of s tacked  
cases the program loops  back t o  t h i s  p o i n t  t o  read  the  2nd and subsequent 

. cases. 
8 

B. Desc r ip t ion  of Louver Panel and Emi t t ing  Panel* 

Ah- XP YP XNXP XNXP S I E  EP Card 1 

B XL n XNXL XNYL C THEMIN Card 2 

THEMAX THENC Card 3 

I 

Card 4 Thru - Table of Temperature&* f o r  e m i t t i n g  panel.  
Read-in i s  i n  rows from l e f t  t o  r i g h t  s t a r t i n g  
w i t h  t h e  t o p  row. Number of temperatures  must 
be equa XNXP * XNYP 

B 
8 
1 

C. Computer Output 

The computer ou tput  i nc ludes  a l i s t - n g  of a1 inpu t  parameters .  
Then, f o r  each b lade  ang le  of i n t e r e s t ,  t h e  b l ade  angle  and the  
corresponding average h e a t  absorp t ion  ra te ,  Q, of t he  louver  pane l  
is p r i n t e d  ou t .  Th i s  h e a t  absorp t ion  ra te  has  t h e  u n i t s  of BTU/HR FT2. 

*See F igure  8 f o r  legend of i npu t .  
*Wll l e n g t h s  are i n  f e e t ,  temperatures  are O R  

i 



D. DIGITAL COXPUTER PKOGFAN LISTING 
--------- 

A Y P  = X h Y F  
A X C  = X h X i  

x 1  = X L S  

CC E l u = l r h T k E  
(3 C ( V )  = c. I cc. 1 I = l . h % C  

I t i I N  
1 U I . N  
I R I N  
I H I K  
I R I N  
I H I N  
IHIN 
L R I N  
I R X K  

I.:? 

1 
2 
3 
4 

i 

1 

5 ! 

1 
a 

6 
7 

9 
i 
i 

I R I N  10 I 

I R I N  1 1  
I R l N  12 
XHIN 13 
L R f N  1 4  
S R f N  15 

f 4 . 0 . 5 X 1 1 R I r i  16 
FG.l,5X~IHIN 27 

I H I N  1.9 
I R I N  1 9  
I R T N  2 G  
IR1k 21 
I R I N  22 
I R T N  23 
IRiN 24 
3R:h  25 
XRIN P i 5  
l R l N  27 
I f t : h  20. 
I R I N  23 
I R I K  3c. 
I R I h  31 
1 R l K  32 
I R I N  33 
If? 1 Iz 34 
f R I L  35 
I R X h  36 

I R I h  3 b  
I R I h  35 

I H I h  4; 
I R I h  42 
X R I N  4 3  
I R Z N  41; 
I R I h  45 
I K I N 4 <l 

I R I K  47 
I R ’ I E ;  4 C I  
I R f h  49 
f R 1 K  50 
IRIN 51 
Z H I K  52 
I R I N  53  
I R Z N  54 
I R I N  5 5  
I R I N  5 6  
I f ? I f <  57 
I R T N  CJE! 

I fi i r.. 37 

I I< r r\ /+ o 
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I R I N  7 0  
I R I t i  71  
I R I k  7 2  
IRIN 73 
I R f E j  7 4  
I R I h  7 5  
IHIE?. 76 
ISlN 77 
I R I N  78 
I R I N  79 
I R I N  80 
1 R I t . l  81 
I R I K  8 2  
I R I K  83 
IHlN 8 4  

I R i h  EG 
I R E h  07 
I H f h  88 
1REh 89 

~ R I K  515 
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APPENDIX B 

Revised Input-Output f o r  Main Louver Program 

The o r i g i n a l  d i g i t a l  computer program f o r  a n a l y s i s  of l ouve r s  i n  a 
The new program inc ludes  a n a l y s i s  

A 

s o l a r  environment has  been modified. 
of i n t e r n a l  l ouve r s ,  i npu t  from d i f f u s e l y  e m i t t i n g  panels  and t h e  a b i l i t y  
to i n v e s t i g a t e  several d i f f e r e n t  base temperatures  a t  t h e  same time. 
d e t a i l e d  d e s c r i p t i o n  of t he  new input-output  i s  presented  here .  

. A .  Computer Inpu t  

The computer i npu t  c o n s i s t s  of: 

COMMENT OR IDENTIFICATION CARD 1 

RADCON THENIN THJCMX THEINC PHIMIN PHIMAX PHIINC CARD 2 

RSOl RS02 RS03 RTOl RT02 RT03 ET1 CARD 3 

ET2 ET3 XNT XPRINT XPLOT 43 I N  QS I N  CARD 4 

ET4 ET5 ETS ALS CARD 5 

XQ3 I N  (1) XQ3IN(7) CARD 8 

XQ3IN (8) * XQ3IN(14) CARD 9 

XQ3IN(15) XQ3IN (1 9) CARD 10 

RADCON - s o l a r  r a d i a t i o n  i n t e n s i t y  (BTU/HR-FT*) 

THEMIN - Minimum blade  ang le  of i n t e r e s t  ( i f  i t  i s  0 c a l c u l a t i o n s  
are based on .1 degree) 

THEMAX - maximum blade  ang le  of i n t e r e s t  

THEINC - s i z e  of increments i n  going from THEMIN t o  THEMAX (must 
be of such a magnitude t h a t  t h e  t o t a l  number of increments  
w i l l  no t  exceed 19) 

PHIMIN - minimum s o l a r  ang le  of i n t e r e s t  

PHIMAX - maximum s o l a r  ang le  of i n t e r e s t  

PHIINC - s i z e  of increments i n  going from PHIMIN t o  PHIMAX (must 
be of such a magnitude t h a t  t h e  t o t a l  number of increments  
w i l l  no t  exceed 38) 



22 

RS01,RS02,RS03 - s o l a r  r e f l e c t a n c e  of su r face  1, 2 ,  and 3 
r e s p e c t i v e l y  

RTOl,RT02,RTO3 - terrestrial  r e f l e c t a n c e  of su r face  1, 2,  and 3 
r e s p e c t i v e l y  

ETl,ET2,ET3 - emi t tance  of sur face  1, 2,  and 3 r e s p e c t i v e l y  

XPRINT - -1. p r i n t  r e s u l t s  f o r  all b lade  ang le s  hold ing  s o l a r  
ang le  cons t an t  

+l. p r i n t  r e s u l t s  f o r  a l l  s o l a r  ang le s  hold ing  b l ade  
angle  cons t an t  

0. both of above opt ions 

XPLOT - -1. p l o t  n e t  h e a t  d i s s i p a t i o n  and b lade  temperature  vs. 
b lade  angle  h o l d i n g  solar ang le  cons t an t  

+1. p l o t  n e t  h e a t  d i s s i p a t i o n  and b lade  temperature  vs. 
s o l a r  ang le  holding blade ang le  cons t an t  

0. do not  p l o t  

XNT - Number of base t e m p e r a t u r e s  t o  be examined 

Q 3 1 N  - i f  g r e a t e r  than  0. hea t  i n p u t  t o  the  base  ( sur face  3) w i l l  be  
read  i n  f o r  each blade angle  f o r  e x t e r n a l  louvers .  Therefore  
t h e  number of p i eces  of d a t a  must equal  
~HI4A.X THEMIN + 1 no t  t o  exceed 19.  

QSINk* - cons tan t  h e a t  i npu t  t o  s k i n  ( i n t e r n a l  louvers )  
THENIC 

ET4 - i n s i d e  s k i n  emis s iv i ty  ( i n t e r n a l  louvers )  

ET5 - base e m i s s i v i t y  ( i n t e r n a l  louvers )  

ET S - e x t e r i o r  s k i n  emis s iv i ty  ( i n t e r n a l  louvers )  

T3 (J) - base  temperature ( R) number of temperatures  read i s  0 

determined by E 
XQ31N(J):";* - h e a t  i npu t  t o  base of e x t e r n a l  louvers  f o r  each 

b lade  angle .  Number of i t e m s  read  i s  determined 
by t h e  number of b l ade  angle  increments .  

THEMAX - THEMIN + 1 
THEINC 

I f  t h e  1401 p l o t  r o u t i n e  i s  u5ed one a d d i t i o n a l  ca rd  i s  needed f o r  each 

base temperature .  
- 

** Heat i n p u t s  are i n  a d d i t i o n  t o  s o l a r  i npu t  
?&* H e a t  i n p u t s  a r e  i n  a d d i t i o n  t o  solar i npu t  
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Column 1 Blank 

Column 2 Per iod  

Column 3 P l o t  c h a r a c t e r  f o r  i n t e r n a l  louvers  

Column 4 P l o t  c h a r a c t e r  f o r  e x t e r n a l  louvers  

Column 5 P l o t  c h a r a c t e r  i n d i c a t i n g  o f f  scale p o i n t  

Column's 11-20 F u l l  scale f o r  i n t e r n a l  louvers  

Column's 21-30 F u l l  scale f o r  e x t e r n a l  louvers  

B. Computer ou tput  

The p r i n t e d  output  c o n s i s t s  of:  

(1) i d e n t i f i c a t i o n  or comment card 

(2) i npu t  parameters  

(3) t o t a l  imaged view f a c t o r s  

( 4 )  h e a t  balance and equi l ibr ium temperature d a t a  

The legend f o r  t he  p r i n t e d  output  i s  as fo l lows ,  

FMNT - t o t a l  t e r res t r ia l  imaged f a c t o r  from su r face  M t o  su r face  N 

FMNS - t o t a l  s o l a r  imaged view f a c t o r  from su r face  M t o  su r face  N 

THETA - blade  angle  

PHI - s o l a r  angle  

A3s - s o l a r  energy absorbed by t h e  base (BTUJHR-FT ) 2 

A312 - t e r r e s t r i a l  ener  y absorbed by the  base o r i g i n a t i n g  a t  t h e  
b lade  (BTU/HR-FT 5 ) 

A303 - t e r r e s t r i a l  energy abosrbed by the  base o r i g i n a t i n g  a t  the  
base (BTlJ/HR-FT2) 

2 
A3T - t o t a l  energy absorbed by the  base (BTU/HR-FT ) 

ES - s o l a r  energy s t r i k i n g  the base which i s  r e f l e c t e d  ou t  of 
the  sys  t e m  ( B T U / H R - F T ~ )  

2 A12S - s o l a r  energy absorbed by the  b lades  (BTU/€IR-FT ) 
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QNETl - 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T12 - equ i l ib r ium temperature  of the  b lades  (OR) 

QNET - n e t  h e a t  d i s s i p a t e d  by the base (BTU/HR-FT2) f o r  e x t e r n a l  
louvers  

n e t  h e a t  d i s s i p a t e d  by t h e  base (BTU/HR-FT*) f o r  i n t e r n a l  
louvers  

(NOTE: POSITIVE QNET PlI?,ANS HEAT TRANSFERED AWAY FROM THE 
BASE, NEGATIVE QNET MEANS HEAT ABSORBED BY THE BASE) 


